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FOREWORD 
The work descr ibed  he re in  is sponsored by t h e  Nat iona l  Aeronaut ics  
and Space Adminis t ra t ion  under Cont rac t  NAS 3-6474. R. L. Davies of 
NASA - Lewis  Research Center i s  t h e  NASA Technical  Manager. 
The program is being adminis tered f o r  t h e  General E l e c t r i c  Company 
by E. E. Hoffman, and R. W. Harr i son  i s  a c t i n g  a s  t h e  Program Manager. 
J. Holowach, t h e  P r o j e c t  Engineer, i s  r e spons ib l e  f o r  t h e  loop  design,  
f a c i l i t i e s  ptocurement, and test ope ra t ions .  Personnel making major 
c o n t r i b u t i o n s  t o  t h e  program dur ing  t h e  c u r r e n t  r e p o r t i n g  per iod inc lude :  
A lka l i  Metal P u r i f i c a t i o n  and Handling - D r .  R. B. Hand, 
L. E. Dotson, and H. Bradley. 
V 
ADVANCED REFRACTORY A W Y  CORROSION W P  PROGRAM 
I. IN'IRODUCTION 
This  r e p o r t  covers t h e  pe r iod  from October 15, 1968 to January 15, 
1969. The primary t a s k  of t h i s  program is  t o  f a b r i c a t e ,  o p e r a t e  f o r  
10,000 hours  and e v a l u a t e  a T - l l l  Rankine System Corros ion  T e s t  Loop. 
Mate r i a l s  f o r  e v a l u a t i o n  i n c l u d e  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) 
and t h e  t u r b i n e  c a n d i d a t e  m a t e r i a l s  Mo-TZC and Cb-132M which a r e  l o c a t e d  
i n  t h e  t u r b i n e  s imula to r  of t h e  two-phase potassium c i r c u i t  of t h e  system. 
The loop  des ign  w i l l  be s i m i l a r  to  t h e  Cb-1Zr Rankine System Corrosion 
T e s t  b o p ;  a two-phase, fo rced  convect ion,  potassium corrosion test loop  
which has  been' t e s t e d  under Cont rac t  NAS 3-2547. Li thium i s  being 
heated by d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat r e j e c t i o n  f o r  con- 
densa t ion  i n  t h e  secondary potassium loop  is being accomplished by rad i -  
a t i o n  in a high vacuum environment to  t h e  water  cooled chamber. The 
c o m p a t i b i l i t y  of t h e  s e l e c t e d  m a t e r i a l s  w i l l  be  eva lua ted  a t  c o n d i t i o n s  
r e p r e s e n t a t i v e  of space  electric power system o p e r a t i n g  cond i t ions ,  
namely : 
a. Bo i l ing  temperature ,  2050'F 
b. Superheat  temperature ,  2150'F 
c. Condensing temperature ,  1400'F 
d. Subcooling temperature ,  lOOO'F 
* e. Mass f low r a t e ,  40 l b / h r  
f. Boiler exit vapor v e l o c i t y ,  50 f t / s e c  
'l)Hoffman, E. E. and Holowach, J., Cb-1Zr Rankine System Corrosion T e s t  
b o p ,  Potassium Corros ion  T e s t  Loop Development Topica l  Report No. 67, 
R66SD3016, General Electric Cdmpeny, C i n c i n n a t i ,  Ohio, May 1, 1968. 
g. Average hea t  f l u x  i n  p lug  (0-18 inches) ,  240,000 Btu/hr  f t 2  
h. Average hea t  f l u x  i n  b o i l e r  (0-250 inches) ,  23,000 Btu/hr f t 2  
I n  a d d i t i o n  t o  t h e  primary program t a s k  c i t e d  above t h e  program a l s o  
i n c l u d e s  capsu le  t e s t i n g  t o  eva lua te  advanced tantalum a l l o y s  of t h e  ASTAR 
811 type  (Ta-8W-1Re-1Hf) i n  both  potassium and l i t h ium.  
Also inc luded  i n  t h e  program is  t h e  f a b r i c a t i o n ,  5000-hour ope ra t ion  
and eva lua t ion  of a 2600°F, h igh  flow v e l o c i t y ,  pumped l i t h i u m  loop  designed 
to  e v a l u a t e  t h e  c o m p a t i b i l i t y  of t h e  ASTAR 811 type  a l l o y s ,  T-111, T-222, 
and t h e  tungs ten  a l l o y ,  W-25Re-30Mo a t  cond i t ions  s imula t ing  an  out -of -p i le  
thermionic  r e a c t o r  sys tem.  
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11. SUMMARY 
Reinstrumentation and r e i n s u l a t i o n  of the  T-111 Corrosion Loop w a s  
completed, and t h e  vacuum chamber was s e a l e d  and evacuated. 
P u r i f i c a t i o n  of t h e  alkabf metals  w a s  completed. Both loop circuits 
were c leaned by a l k a l i  metal f l u s h i n g  and f i l l e d  wi th  charges f o r  test 
opera t ion .  
The a l k a l i  meta l s  are being  c i r c u l a t e d  and t h e  loop i s  being  brought 
to temperature. 
3 

A h s n t s r  Wa6 i n r t a l l e d  on the! bottom of the msterlng valve as  shown 
in Figure 1. 
der igned  f o r  t h e  vspos n u a l e s t o r  AnrrtaLlecl In t h e  Cb-1Zr Rankine System 
Cbrros ion  ' p e t  Loop, NASA Contraat M8 3-2647, 
The hertor ehown beloro arembly I n  Figure a waa o r i g i n a l l y  
(2 ) 
2. Test F a c i l i t y  Opera t lons  
Reinetrumentgtion and reineulrtian were completed, and t h e  chamber 
was c loeed  on November 18, 1968. The 
molecular pump, end maam epectromster 
l e e k s  were found, and ion  pumping wab 
uhamber wa# evacuated wi th  t h e  turbo- 
leak checking wa6 performed, No 
i n i t i e t e d ,  The bakeout h e a t e r s  were 
then  turned  on, and on November 21, lB08, a prermure of 4 x LOw7 to r r  was 
recorded wi th  t h e  chamber a t  600'F. A t  t h a t  time a f i n a l  helium leak 
'A'Advanced Ref Factory A l l o y  Corroeion Loop Program, Q u a r t e r l y  Progress 
keport No. 14 far Period Ending October  15, 1968, N4SA Cont rac t  
WS 3-6474. 
(2)Hsffman, E.E., Holowach, J. ,"Cb-lZr Rankine System Corrosion Test Loop," 
TOpical Report No. 7 NASA Contraet NAS 3-2547, General Electric Company 
Report R67SD3016. 
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Figure 1, Tungsten Filament Heater Installed on Metering Valve of 
T-111 Rankine System Corrosion Test Loop. (P68-11-158) 
6 
Figure 2. Tungsten Filament Heater Before Assembly. (C65012245) 
7 
check was pecfomed between the  potassium and l i t h i u m  circuits with the 
loop a t  375'F, and no l eaks  were found. 
a l k a l i  m e t a l  f l u sh ing  of t h e  loop c i r c u i t s  is completed. 
Bakeout w i l l  continue u n t i l  
3. A lka l i  Metal Pu r i f i ca t ion  
Additional a n a l y t i c a l  r e s u l t s  
from Foote Mineral Company, Exton, 
were obtained 
Pennsylvanie . 
on t h e  l i t h i u m  received 
A sample was previously 
taken during t h e  t r a n s f e r  of 28 pounds of l i t h i u m  t o  the  hot t r ap .  (3) The 
analys is  of t h i s  sample (No. 2039) is compared with t h a t  f o r  the hot 
. .  
trapped l i t h i u m  (No. 2067) i n  Table I. The l i t h i u m  was hot trapped for  
200 hours a t  1500'F. 
Before d i s t i l l a t i o n  was i n i t i a t e d ,  t h e  vacuum manifold on the l i th ium 
pur i f i ca t ion  system was disconnected from the rece ive r  and cleaned, 
described previously, 
t h e  vacuum manifold during a sample operation. The manifold was rein- 
s t a l l e d  and subsequently twenty pounds of hot trapped l i t h i u m  was d i s -  
t i l l e d  a t  1230'F. The sample (No. 2081) taken from the r ece ive r  was 
analyzed and had a high nitrogen concentration as shown i n  Table I. Exam- 
i n a t i o n  of t h e  l i th ium pur i f i ca t ion  f a c i l i t y  ind ica ted  the Granville-Phill ips 
high vacuUtO valves, previously cleaned of l i thium, had l eaks  i n  the bellows. 
It i s  believed t h a t  t hese  l eaks  were primarily respons ib le  f o r  the nitrogen 
contamination of t he  lithium. 
As 
l i thium had been inadver ten t ly  blown back i n t o  (3 1 
The valves were replaced with new valves and t h e  system leak checked. 
The contaminated l i thium was returned to the hot t r a p  and hot trapping 
(3)ddvanced R e f  r ec to ry  A l a ~ y  Corrosion Lnoop Program, Quar t e r ly  Progress 
Report No. 14 f o r  Perikd Bqding October 15, 1968, NASA Contract NAS 3-6474. 
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WBLE I 
AWLYSIS OF LITHIUM 
Concentration, ppm 
(b) Hot Trapped 
2067 
( C  1 D i s t i l l e d  
2081 
(a 1 A s ,  Received 
2 039 ---
Element 
0 
C 
N 
Ag 
A 1  
B 
Ba 
Be 
Ca 
Cb 
co  
Cr ' 
cu  
Fe 
m 
Mn 
Mo 
Na 
Ni 
Pb 
Si 
Sn 
Sr 
T i  
V 
Zr 
95 
75 
278 
< 5  
< 5  
< 50 
< 50 
< 5  
< 5  
< 25 
< 5  
< 5  
5 
< 5  
5 
< 5  
< 5  
< 75 
< 5  
< 50 
5 
< 25 
25 
< 25 
< 25 
< 25 
69 
21,23,33 
c 5  
< 5  
C 50 
C 50 
< 5  
5 
C 25 
< 5  
< 5  
50 
c 5  
< 5  
< 5  
< 5  
< 50 
< 5  
< 50 
5 
< 25 
25 
< 25 
25 
< 25 
30 
49 
.295 
< 5  
5 
< 25 
< 75 
< 5  
25 
< 25 
< 5  
< 5  
5 
5 
5 
< 5  
c 5  
< 75 
< 5  
< 50 
5 
< 25 
25 
< 25 
< 25 
< 25 
(a)  
(b) 28 pounds hot trapped f o r  200 hours a t  1500'F 
( c )  20 pounds d i s t i l l e d  a t  1230'F subsequently found to be , 
From shipping container received from Foote Mineral Co., 
Exton, Pa. 
contaminated by leaks I n  t h e  vacuum manifold valves 
during d i g t i l l a t i o n .  
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i n i t i a t e d .  The contaminated l i t h ium from t h e  s t i l l  r e c e i v e r  w a s  hot  
t rapped 305 hours a t  1500-1550°F and sampled by f l u s h i n g  two pounds of 
l i t h ium through t h e  sample 'tube. Subsequent a n a l y s i s  i n d i c a t e d  15 ppm 
n i t rogen .  D i s t i l l a t i o n  was i n i t i a t e d ,  and samples were taken  a f t e r  
f i v e  and t w e l v e  pounds of l i t h i u m  d i s t i l l a t e  w a s  ob ta ined  i n  t h e  s t i l l  
r ece ive r .  The r e s p e c t i v e  n i t r o g e n  ana lyses ,  380 ppm and 146 ppm, ind i -  
c a t e d  t h a t  t h e  h igh  n i t rogen  concen t r a t ion  i n  t h e  l i t h i u m  i n  t h e  s t i l l  
was being d i l u t e d  by the d i s t i l l a t e  bu t  not s u f f i c i e n t l y  t o  reduce t h e  
n i t rogen  l e v e l  t o  a n  accep tab le  value.  The l i t h i u m  i n  t h e  s t i l l  r e c e i v e r  
was t h e r e f o r e  r e tu rned  t o  t h e  ho t  t r a p  f o r  f u r t h e r  p u r i f i c a t i o n .  The 
l i t h ium was hot  t rapped  f o r  200 hours a t  1500-1550°F and sampled. A 
n i t rogen  concen t r a t ion  of 13 ppm was obta ined ,  and d i s t i l l i n g  was aga in  
resumed, Twenty-two pouhds of l i t h i u m  was d i s t i l l e d .  The a n a l y s i s  of 
a sample of t h i s  m a t e r i a l  i s  presented  i n  Table  11. The use of t h e  
p u r i f i e d  l i t h i u m  f o r  f l u s h i n g  and f i l l i n g  t h e  loop  was approved by t h e  
NASA Program Manager, and p repa ra t ions  were made t o  connect  t h e  l i t h ium 
p u r i f i c a t i o n  system t o  t h e  loop  t r a n s f e r  system. 
4. Lithium-Potassium S o l u b i l i t y  Study 
The mutual s o l u b i l i t i e s  of l i t h i u m  and potassium a r e  being determined 
over  t h e  600°F t o  1200'F temperature  range i n  t h e  appa ra tus  descr ibed  
previous ly .  (4 )  The da ta  obta ined  t o  d a t e  a r e  presented  i n  Table  111. 
These da ta  were obta ined  by e q u i l i b r a t i n g  equal  volumes of l i t h i u m  and 
potassium a t  cons t an t  tempera ture  f o r  a t  l e a s t  16  hours. The da ta  shown 
(4)Advanced Refrac tory  Alloy Corrosion Loop Program, Quar t e r ly  Progress  
Report No. 14 f o r  Per iod Ending October 15, 1968, NASA Contrac t  NAS 
3-6474. 
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N 
0 
C 
Af3 
A 1  
E 
Ba 
Be 
81 
Ca 
Cb 
co 
C r  
cu 
Fe 
Ni 
Pb 
si 
8n 
sr 
Ti 
Y 
Zr 
27 3 33 
31 
46 
4 5  
5 
< 50 
< 75 
( 5  
25 
< 25 
< S  
e 5  
c 5  
< 5  
5 
< 5  
( 5  
c 10 
e 5  
50 
e 5  
25 
25 
25 
25 
< 25 
e 2s 
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~ ~ U ~ A L  SOLWBIL 
(a 1 Wt. % Li (a 1 Temperature Wt. % K 
OF in Li in K Run No. 
610 
610 
800 
800 
1000 
1230 
0.10 
(b) 
0.19 
(b) 
0.70 
2.60 
0.23 
0.23 
0.36 
0.37 
1.12 
- 
~ ~ ~~~ 
(a) Determined by spectrophotometric analysis 
(b) Sample lost in preparation 
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for 800'F r ep resen t  t i m e s  of 1 6  hours and 24 hours  wi th  no change i n  
s o l u b i l i t y  i n d i c a t e d .  No d a t a  was obta ined  f o r  t h e  s o l u b i l i t y  of l i t h i u m  
i n  potassium a t  1200OF because t h e  va lves  used d id  n o t  f u n c t i o n  proper ly  
a f t e r  prolonged exposure t o  t h i s  temperature .  The tempera tures  were 
measured with c a l i b r a t e d  chromel/alumel therniocouples a c c u r a t e  t o  f 10'F. 
Details on  t h e  appa ra tus  and eva lua t ion  of the  d a t a  w i l l  be r epor t ed  
a t  a l a t e r  d a t e ,  
5 .  A l k a l i  Meta l  F lush ing  of t h e  Loop 
A s  p rev ious ly  repor ted(5)  examination of the a l k a l i  me ta l s  dra ined  
from t h e  loop  i n d i c a t e d  l i t h i u m  i n  t h e  potassium and potassium i n  t h e  
l i t h i u m  a s  a result of t h e  boiler leak .  P a r t i c u l a t e  m a t t e r  w a s  a l s o  
found i n  t h e  potassium. 
w i l l  be removed from t h e  loop  by r epea ted ly  f l u s h i n g  t h e  c i r c u i t s  with 
The p a r t i c l e s  and contaminated a l k a l i  me ta l s  
pu re  a l k a l i  meta ls .  
The appa ra tus  r equ i r ed  f o r  f i l l i n g  and f l u s h i n g  t h e  potassium loop  
c i rcu i t  i s  shown i n  F igu re  3. The t r a n s f e r  system was modified for 
f l u s h i n g  o p e r a t i o n s  by i n s e r t i n g  a dump l i n e  between va lves  FF, KK, and 
t h e  d i s p o s a l  tank.  This  permi ts  t he  t r a n s f e r  of f l u s h  cha rges  of potas- 
sium d i r e c t l y  t o  t h e  d i s p o s a l  tank without  contaminat ing t h e  f i l l  system 
upstream from va lve  FF. In a d d i t i o n ,  t h e  dump l i n e  i s  connected t o  a 
I 
smal l  potassium s t i l l  where f l u s h  potassium charges  can  be d i v e r t e d  for 
subsequent d i s t i l l a t i o n  and a n a l y s i s  of t h e  r e s i d u e  for l i t h i u m  con- 
c e n t r a t i o n  and p a r t i c u l a t e  matter,  
(5)Advanced Ref rac to ry  A l l o y  Corrosion h o p  Program, Q u a r t e r l y  Progress  
Report No. 12 f o r  Per iod Ending A p r i l  15, 1968, NASA Cont rac t  NAS 3- 
6474, NAM-CR-72452. 
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b 
d 
14 
The l i t h i u m  t r a n s f e r  s y s t e m  was modified s i m i l a r l y ;  however, a f t e r  
the  l i t h i u m  c i r c u i t  is  flushed, a sampler is a t t a c h e d  d i r e c t l y  t o  va lve  
KK on t h e  l i t h i u m  s i d e  of the t r a n s f e r  system. The sample t aken  is t hen  
analyzed to  determine the potassium c o n c e n t r a t i o n  in t h e  l i t h i u m .  
The e n t i r e  t r a n s f e r  system was baked o u t  a t  temperatures  up to 500°F, 
and on December 12, 1968, t h e  p r e s s u r e  rise r a t e  was measured t o  be less 
than  0.2 m i c r o n - l i t e r s  p e r  minute. 
15 
The potassium s i d e  of t h e  t r a n s f e r  s y s t e m  was f i l l e d ,  and t h e  
potassium was dumped i n t o  t h e  d i s p o s a l  tank  t o  f l u s h  t h e  system. The 
system was r e f i l l e d  wi th  potassium and a sample obta ined .  
of t h i s  sample, shown i n  Table  PV, was accep tab le  and t h e  use  of this 
potassium was approved by t h e  NASA Program Manager. 
The a n a l y s i s  
The potassium su rge  
tank  was f i l l e d  w i t h  an 1800 cc charge  on December 13, 1968, and f l u s h i n g  
ope ra t ions  on t h e  potassium loop  c i r cu i t  were i n i t i a t e d ,  
The secondary c i r c u i t  was f lushed  wi th  f o u r  1800 cc charges  of potas- 
sium whi le  t h e  f i n a l  p u r i f i c a t i o n  of l i thium w a s  i n  progress .  
temperatures  and p res su res  obta ined  dur ing  t h e s e  f l u s h i n g  o p e r a t i o n s  a r e  
presented  i n  Table  V. 
The loop  
The f i r s t  charge  was used t o  e s t a b l i s h  c i r c u l a t i o n  and, a f t e r  t h e  
f low was reversed  t o  a g i t a t e  p a r t i c l e s , ( 6 )  was qu ick ly  dumped i n t o  t h e  
d i s p o s a l  tank. Flow i n d i c a t i o n s  du r ing  c i r c u l a t i o n  i n d i c a t e d  some plug- 
g ing  of t h e  metering va lve  wi th  p a r t i c l e s ,  and . the va lve  was a c t u a t e d  t o  
i t s  f u l l  open pos i t i on .  
shown i n  Table  V, confirms p a r t i c u l a t e  m a t t e r  plugging i n  t h e  va lve .  
Improved flow i n d i c a t i o n s  were obta ined  dur ing  the c i r c u l a t i o n s  of t h e  
second and t h i r d  potassium charges  with some observed dec rease  i n  t h e ,  
p r e s s u r e  drop  a c r o s s  t h e  valve.  Both t h e  second and t h i r d  charges  were 
c i r c u l a t e d  f o u r  t i m e s  be fo re  removal from t h e  su rge  tank. The second 
The observed p res su re  drop  a c r o s s  t h e  valve,  
charge  was dumped i n t o  t h e  d i s p o s a l  tank.  The t h i r d  charge  was dumped 
i n t o  t h e  s t i l l  f o r  subsequent a n a l y s i s .  The potassium was d i s t i l l e d  off 
(6)Advanced Refrac tory  Alloy Corros ion  Loop Program, Q u a r t e r l y  Progress  
Report  No. 12 f o r  Per iod Ending A p r i l  15, 1968, NASA Contrac t  NAS 3- 
6474, NASA-CR-72452. 
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TABLE IV 
Element 
0 
C 
A g  
A 1  
B 
Ba 
Be 
Ca 
Cb 
co 
C r  
cu 
F e  
M% 
Mn 
Mo 
Na 
Xi 
Pb 
S i  
Sn 
Sr 
T i  
V 
Z r  
Conc en t ra t i  on, ppm 
51 
< 2  
< 2  
< 30 
< 10 
< 2  
< 2  
< 10 
< 2  
< 2  
< 2  
< 2  
< 2  
c 2  
6 2  
< 20 
6 2  
< 20 
< 2  
< 20 
< 2  
< 10 
< 20 
< 10 
7,14 
( a )  Ana lys i s  obtained on a sample removed from t h e  t r a n s f e r  
system before  transferr ing  t h e  potassium into the  loop 
surge tank. 
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k 
a, 
c, 
c, 
3 
a, 
c, 
m 
d 
5 
0 
*rl 
c, 
k 
m 
a, 
c, 
m 
c, 
.I4 
bn 
01 
0 
c, 
a 
3 
! 
s 
5 
M 
& 
0 
VI 
.rl 
VI m 
m 
c, 
0. a 
a, 
5 
w 
0 
d 
0 
.rl 
c, 
0 
.rl a 
E 
56 
idE 
56 
rl 
w 
a, 
rl 
w 
a 
k m 
fi 
rz 
n a 
W 
b 
I m o  
rl 
X 
N 
e- 
l 
0 
e-4 
F i l X  
lp) 
A 
CD 
03 
rl m 
i- 
o r l a  o m *  
rl 
u) 
b 
N co 
* m o  ocnu, 
rl 
cu e- 
t 
4 
5 
c, 
m 
a, 
k a 
.I4 m 
v1 
m 
c, 
0 a 
a, 
9 
A 
P 
a 
a, 
.rl 
d a a 
5 
VI 
c, 
m 
8 
n 
m 
U 
r- 
b 
n 
0 0 0  
N r l m  m e  
d rl 
c, 
a,+ 
d r d  
5 
I4 
w 
a, rn 
k 
a, > 
2 
n 
0 
U 
F 
a, 
k 
ci 
c, 
a, 
P 
E 
2 
s 
9 
S 
E 
a, 
bl 
k 
v: a 
'G i 4  
A w w  
A 
U 
s 
c 
0 
.rl 
c, 
m 
n 
P 
U 
and t h e  39 mg of r e s i d u e  analyzed fo r  l i t h ium.  A concen t r a t ion  of 
approximately 30 ppm l i t h ium i n  t h e  potassium was determined. A very 
s m a l l  amount of p a r t i c u l a t e  m a t t e r  was found i n  t h e  s t i l l .  The s t i l l  
was cleaned,  welded toge the r  and r e i n s t a l l e d  i n  t h e  t r a n s f e r  system a s  
shown previous ly  i n  F igure  3. 
On December 26, 1968 bakeout of t h e  l i t h i u m  t r a n s f e r  system and 
p u r i f i c a t i o n  system was completed and a p re s su re  rise r a t e  of less than  
0.4 micron l i t e r d m i n u t e  was obta ined .  The l i t h i u m  t r a n s f e r  system was 
subsequent ly  f‘lushed by f i l l i n g  and d r a i n i n g  t h e  l i t h i u m  i n t o  the d i s p o s a l  
tank .  The t r a n s f e r  system was r e f i l l e d  and t h e  l i t h i u m  sampled. The 
a n a l y s i s ,  p resented  i n  Table  V I ,  was accep tab le  t o  t h e  NASA Program 
Manager and t h e  loop  surge  tank  w a s  f i l l e d  wi th  l i t h ium.  
The first l i t h i u m  charge was d iscarded  i n t o  t h e  d i s p o s a l  tank,  and 
t h e  surge  tank  was r e f i l l e d  wi th  a 1600 cc charge of l i t h ium.  The 
l i t h ium was c i r c u l a t e d  i n  t h e  primary c i r c u i t  and used t o  hea t  a f o u r t h  
charge of potassium to  h igher  temperature  than  previous ly  p o s s i b l e  with 
only potassium i n  t h e  loop. The potassium charge was c i r c u l a t e d  and 
dumped i n t o  t h e  su rge  tank t h r e e  times. The temperatures  and p res su res  
recorded j u s t  be fo re  t h e  f i n a l  dump i n t o  t h e  smal l  potassium s t i l l ,  a r e  
presented  i n  Table  VII. 
“lie potassium was d i s t i l l e d  off and the 28 mg r e s i d u e  analyzed f o r  
l i thiuni .  A concen t r a t ion  of approximately 20 ppm l i t h i u m  i n  t h e  potas- 
s ium was determined. No p a r t i c u l a t e  m a t t e r  was found i n  t h e  s t i l l .  The 
da ta  i n d i c a t e d  s u f f i c i e n t  f l u s h i n g  of t h e  potassium c i r c u i t  had been 
perf onned. 
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TABLE V I  
Element 
N 
0 
C 
A g  
A 1  
B 
Ba 
B e  
Bi 
Ca 
Cb 
co 
C r  
cu 
F e  
Mg 
Mn 
Mo 
Na 
N i  
Pb 
S i  
Sn 
Sr 
T i  
V 
Z r  
Concentration, ppm 
34 
20 
46 
< 5  
25 
< 50 
< 50 
< 5  
< 25 
25 
< 25 
< 5  
< 5  
5 
< 5  
5 
< 5  
5 
< 50 
5 
< 50 
25 
< 25 
25 
< 25 
< 25 
< 25 
i s  obtained on a sample removed from t h e  s t i l l  
r e c e i v e r  f o l l o w i n g  hot trapping and vacuum d i s t i l l i n g .  
20 
TABLE V I 1  
~ ~ ~ ~ E ~ ~ ~ E ~  AND P ~ E S ~ U ~ ~ ~  R ~ O R D E D  DURING FLUSHING 
OF THE T - I l l  CORROS RY CIRCUIT WITH 
POTA§SIuhI USING L I ~ I ~ ~  I CIRCUIT To $UPPLY THE BEAT(a) 
Maximum Chamber Pressure, t o r r  
Loop Tempera t u r e s ,  OF 
Primary Heater  
Bo i  1 er 
Potassium Prehea ter ,  I n l e t  
Potassium Prehea ter ,  Exit 
Pump Discharge 
Metering Valve 
Subcool er 
1st Stage  Turbine Simulator  
Stages 2-10 
Pressures .  PSIA 
Metering Valve, I n l e t  
Metering Valve, Exit  
AP (va lve  f u l l  open) 
Surge Tank Temperature, O F  
Before 
A f t e r  Dumping 
AT 
5 x 1 f 8  
1420 
1393 
660 
52 5 
775 
77 0 
67 5 
1384 
1260 
36 
26 
1 0  
476 
528 
52 
( a )  Data for t h e  t h i r d  c i rcu la t ion ,  The charge  was dumped 
i n t o  t h e  surge tank and re turned  t o  t h e  loop  twice be fo re  
f i n a l  dumping i n t o  t h e  s t i l l  f o r  subsequent a n a l y s i s .  
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The l i t h i u m  charge  i n  t h e  primary c i r c u i t  was dumped i n t o  t h e  
d i sposa l  tank and t h e  loop  f i l l e d  w i t h  a t h i r d  charge  of l i t h i u m  (1600 cc). 
The l i t h i u m  sampler was i n s t a l l e d  a t  va lve  KK: and, a f t e r  c i r c u l a t i n g  the 
l i t h ium i n  t h e  primary, a sample was taken,  A n a l y t i c a l  r e s u l t s  i n d i c a t e d  
a concen t r a t ion  of 90 ppm potassium i n  t h e  l i t h ium.  S ince  t h e  s o l u b i l i t y  
l i m i t  f o r  potassium i n  l i t h i u m  a t  t h e  sampling temperature  (580'F) was 
1000 ppm and t h e  potassium concentration i n  t h e  d i s t i l l e d  l i t h i u m  was 
55 ppm, f u r t h e r  f l u s h i n g  of t h e  l i t h i u m  primary c i r c u i t  was be l ieved  
unnecessary.  
6. 
The secondary loop  was f i l l e d  wi th  2300 cc of potassium and t h e  
F i l l i n g  t h e  Loop With A l k a l i  Metals  f o r  Operat ion 
primary loop  was f i l l e d  w i t h  2200 cc of l i t h i u m .  Samples were withdrawn 
from each loop  f o r  f i n a l  q u a l i f i c a t i o n  ana lyses .  The a n a l y t i c a l  r e s u l t s ,  
shown i n  Table  VIII, i n d i c a t e d  accep tab le  p u r i t i e s  which were subsequent ly  
approved by t h e  NASA Program Manager. C i r c u l a t i o n  of t h e  a l k a l i  meta ls  
was i n i t i a t e d  and s t a r t - u p  of t h e  loop  i n i t i a t e d .  
* 
B. ADVANCED TANTALUM ALLOY CAPSULE TESTS 
Tes t ing  of two ASTAR 811C and one ASTAR 8 1 1 C N  l i t h i u m  thermal  con- 
vec t ion  capsu le s  cont inues .  A s  of January 15, 1969, 2070 hours  of test- 
i n g  had been completed, 
t o r r .  
The chamber p r e s s u r e  a t  t h a t  t i m e  was 1.1 x lom8 
C. 2600'F LITHIUM LOOP 
Fina l  assembly of t h e  2600'F Lithium Loop w i l l  be accomplished 
upon completion of t h e  l i t h i u m  h e a t e r  subassembly. This  subassembly 
* 
On 1-25-69 o p e r a t i o n  of t h e  T-111 Rankine System Corrosion Tes t  Loop was 
i n i t i a t e d  and a s  of 2-7-69 over  300 hqurs  of t r o u b l e - f r e e  o p e r a t i o n  were 
a t t a i n e d  , 
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TABLE V I I X  
ANALYSIS OF THE ALKALI METALS USED I N  OPERATION OF 
THE T-111 CORROSION TEST U30P(a) 
Element 
N 
0 
C 
Ag 
A 1  
B 
Ba 
Be 
Ca 
Cb 
c o  
C r  
c u  
Fe 
Mg 
Mn 
Mo 
Na 
N i  
Pb 
S i  
Sn 
S r  
Ti 
V 
Zr 
Li 
K 
Concent ra t ion .  m m  
Lithium Potassium 
35,39,46,49 
49 
31 
< 5  
5 
< 50 
< 50 
< 5  
5 
< 25 
< 5  
< 5  
5 
< 5  
5 
< 5  
< 5  
< 50 
5 
< 50 
5 
< 25 
5 
25 
< 25 
< 25 
106 
- 
- 
3,6 
32 
< 2  
10 
< 30 
< 20 
< 2  
10 
.= 10 
< 2  
< 2  
2 
2 
2 
< 2  
< 2  
< 20 
< 2  
< 20 
2 
< 10 
< 2  
< 10 
< 10 
< 10 
31 - 
( a )  Analys is  ob ta ined  on samples removed from t h e  loop  p r i o r  
t o  i n i t i a t i o n  of l oop  s ta r t -up .  
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cannot be made unti l  the tens i le  and corrosion test specimens of the 
ASTAR a l l o y s  are heat treated a t  conditions to b e  spec i f i ed  by the NASA 
Program Manager. 
24 
IV. FUTURE PLANS 
A .  I n i t i a t e  test operat ion of the T-111 Rankine System Corrosion Test 
h o p .  
B. Continue testing of the advanced tantalum alloy capsules. 
25 
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